Abstract. The goal of our present study was to observe whether the populations of antigen presenting cells (Ia+ cells) and T cell subsets (CD4+ and CD8+ T cells) change in the utero-vaginal junction (UVJ) of Rhode Island Red laying hens that showed dramatic declines in fertility after repeated artificial insemination (AI). Rhode Island Red laying hens were divided into two groups: a virgin group (R-V) and artificial inseminated group (R-AI), which was exposed to weekly AI for a period of 3 mo. Undiluted fresh semen collected from healthy Tosa-Jidori roosters, a native Japanese breed maintained in Kochi Prefecture, was used for AI. The UVJ tissues were processed for frozen sections, and Ia+ cells and CD4+ and CD8+ T cells were identified by immunohistochemistry. The Ia+ cells and CD4+ and CD8+ T cells were observed in the stroma and mucosal epithelium of UVJ in both the R-AI and R-V birds. The frequencies of them in the stroma were significantly higher in R-AI than R-V. The higher frequency of Ia+ cells in the UVJ of R-AI group indicated a greater potential capability for antigen presentation to CD4+ cells. The significant increase in CD8+ and CD4+ T cells in the UVJ of R-AI birds might be the result of a homing process of lymphocytes, which may affect sperm survivability and fertility.
fter natural mating or artificial insemination (AI), sperm are stored in the sperm storage tubules (SST), a specialized structure localized in the utero-vaginal junction (UVJ) and infundibulum of hens [2, 4] . The SSTs in the UVJ are the primary site where the sperm resides for a prolonged period while maintaining fertilizing capability. The unique features of this prolonged sperm storage in SST enable laying hens to produce a series of fertile eggs following a single copulation or AI. Although the precise mechanism by which sperm are stored in the SST is yet unknown, sperm storage in the SST is important because it directly affects the fertility of laying hens. Previous reports have suggested the possibility that an immunoresponse to sperm may occur in the oviduct because leukocyte numbers in the vaginal lumen were increased shortly after AI [5] and antibody producing plasma cells were present in the SST epithelium of infertile turkey hens [9] . Zheng et al. [12] reported a significant increase in the population of antigen presenting cells in the infundibulum of hens 24 h after AI compared with that of non-inseminated hens. Antisperm antibodies were developed in domestic hens following repeated natural mating or artificial insemination, and this immunity to spermatozoa had a detrimental effect on fertility Accepted for publication: May 12, 2005 Correspondence: Y. Yoshimura (e-mail: yyosimu@hiroshima-u.ac.jp) [10] . It has been reported that the fertility of turkeys [7] and chickens [10] declined after repeated AI.
More recently we have observed that the fertility of 8-mo-old Rhode Island Red laying hens dramatically declined within the span of 3 mo of weekly AI with fresh semen from Tosa-Jidori, a native Japanese breed. These birds may be an excellent model to identify the reason for the decline in fertility with repeated AI. In these hens, structural and functional disorders in the SST and an increase in the lymphocytes population in the stroma surrounding the SST of the UVJ were found [3] . Thus, it was suggested that repeated AI could stimulate the influx of immunocompetent cells in the stroma of UVJ. However, specific types of immunocompetent cells that migrate into the UVJ after repeated AI have not been identified. Antigen-presenting cells expressing major histocompatability complex class II (MHC class II), helper T cells (CD4+ cells), and cytotoxic T cells (CD8+ cells) are the key members for the initiation of immune response. CD4+ helper T cells respond to antigens presented by MHC class II antigenpresenting cells, whereas CD8+ cytotoxic T cells recognize antigens presented by MHC class I, which is expressed in all nucleated cells [1] . Therefore, the goal of the current study was to determine the specific type of immune cells that i n c r e a s e w i t h r e p e a t e d A I i n t h e U V J . Immunological analysis was performed to identify Ia+ (a molecule expressed by antigen presenting cells) and CD4+ and CD8+ T cells in the UVJ of virgin and inseminated hens.
Materials and Methods

Birds and tissue collection
Rhode Island Red laying hens that were regularly laying 5 or more eggs in a sequence were kept in individual cages under a light regimen of 14 h light: 10 h dark, and provided with feed and water ad libitum. The experimental birds were divided into two groups: weekly inseminated birds for 3 mo (R-AI group) and virgin birds (R-V group) (n=5 each). In R-AI group, Rhode Island Red hens were inseminated weekly with 0.05 ml of undiluted fresh semen containing approximately 2 × 10 8 sperm collected from healthy Tosa-Jidori roosters. AI was performed using a plastic syringe that was intravaginally inserted from the cloaca at a depth of approximately 15 mm. Fertility was examined every two weeks by incubating the eggs. For the R-AI group, the first AI was performed at the age of 5 mo. The fertility of this group was dropped from more than 80% to 23% within 3 mo. All birds were not inseminated for more than 2 mo prior to examination. The UVJ were collected from the R-AI and R-V groups after euthanization of birds by d e c a p i ta t io n w i t h i n a p p r o x i m a te l y 5 h o f oviposition. Subsequently, the tissues were embedded in cryoembedding medium (OCT compound; Sakura Finetek Co., Ltd., Tokyo, Japan), quickly frozen in a mixture of isopentane and solid carbon dioxide, and stored at -80 C until use.
Immunohistochemistry
Cryostat sections (15 µm thick) of the UVJ collected from both R-AI and R-V groups were airdried on slides pretreated with 2% (v/v) 3-aminopropyltriethoxysilane (Sigma Co., St. Louis, MO, U.S.A.) in absolute acetone. The sections were fixed with absolute acetone at 4 C for 10 min. After washing for 15 min in PBS (5 min × 3 times), the sections were first incubated with 10% normal goat serum for 15 min followed by incubation for 2 h with mouse anti-chicken Ia+, mouse anti-chicken CD4+, or mouse anti-chicken CD8+ antibodies (Southern Biotechnology Associates , Inc. , Birmingham, Alabama, U.S.A.) diluted to 1:100 in PBS containing 0.05% bovine serum albumin (Nacalai Tesque, Inc., Kyoto, Japan). The sections were washed again in PBS and incubated with biotinylated anti-mouse IgG+IgM+IgA for 1 h and with avidin peroxidase complex for 30 min using a Histofine SAB-PO (M) kit (Nichirei Corporation, Tokyo, Japan). Im munoprecipitates were visualized by washing with 0.02% (w/w) 3', 3'-diaminobenzidine tetrahydrochloride (Nacalai Tesque, Inc., Kyoto, Japan) and 0.001% (w/w) H2O2 in 0.05 M Tris-HCl buffer (pH 7.6). The slides were counterstained with haematoxylin, dehydrated by a graded series of alcohols, cleared with xylene, and finally covered. Control slides were prepared in the same manner except that the first antibody was replaced with normal mouse IgG (Funakoshi Co., Ltd., Tokyo, Japan). The control slides did not show any positive cells.
Image analysis
The sections were examined under a light microscope with computer-assisted software for i m a g e a n a l y s i s ( I m a g e -P r o P l u s ; M e d i a Cybernetics, Silver Spring, MD, U.S.A.), as described previously by Yoshimura et al. [11] . The frequency of Ia+, CD4+, and CD8+ cells in the lamina propria surrounding the SST were analyzed by counting them at 5 randomly selected different areas in two sections (approximately 50,000-80,000 µm 2 in area for each count) of the tissue. The mean of the five counts were calculated and expressed as the cell number per 50,000 µm 2 area in one bird.
Statistical analysis
Significance of differences in the values between R-V and R-AI birds for the Ia+ cells and CD4+ and CD8+ T cell subsets were examined by one-way ANOVA followed by Student's t-test. Differences were considered significant when the P value was less than 0.05. 
Results and Discussion
The mucosal tissue of the UVJ consisted of surface epithelium and stroma, and the SSTs were formed by the invaginations of the surface epithelium of the UVJ. The SST was lined with a single tall or columnar epitheliums, and sperm were not observed in any birds because AI was not performed for two months. Ia+ cells were observed in the stroma and occasionally in the surface epithelium of the UVJ, whereas they were not localized in the SST epithelium in both R-V and R-AI groups (Fig. 1a and b) . Those in the stroma were oval, or in some cases irregular in appearance. The CD4+ and CD8+ T cells were also localized in the stroma and mucosal epithelium of the UVJ in both R-V and R-AI groups (Fig. 1c-f ). These T cells were occasionally observed in the SST epithelium.
The frequency of Ia+ cells in the stroma of the R-AI group was significantly greater than the R-V group birds (P<0.05) (Fig. 2) . The higher population of Ia+ cells, which corresponds to antigen presenting cells expressing MHC class II, suggests a greater potential capability for antigen presentation to CD4+ T cells in R-AI than R-V. In the stroma of the UVJ, the frequencies of CD4+ and CD8+ T cells in R-AI group were also significantly greater than the R-V group (P<0.05) (Fig. 2) . A previous histological study showed significantly greater population of lymphocytes in the UVJ after repeated AI [3] . The current results suggest that CD4+ and CD8+ T cells are involved in the member of lymphocytes that increased in the UVJ after repeated AI.
T h e b i r d s u s e d i n t h i s s t u d y w e r e n o t i n s e m i n a t e d f o r m o r e t h a n 2 m o p r i o r t o examination, and there was no sperm in the SST of the R-AI hens. The increased population of T cells in the UVJ of R-AI hens is likely a potential feature of those birds. The T cell population might be increased during the term of AI, and the higher population of T cells might not return to the level of virgin hens even 2 mo after final AI in the current experimental birds. As it is believed that the majority of lymphocytes are capable of tissue selective homing, T cells developed by repeated AI might home in on the UVJ tissue in the AI group birds. In the UVJ containing abundant homing T cells as a result of AI, a stronger cellular immune response to sperm may occur at the time of insemination compared with virgin hens, leading to decline in fertility. The CD4+ T cells, which are known as helper/inducer T cells, may stimulate macrophages and B cells affecting sperm survival [6] . The presence of B cells, immunoglobulinproducing plasma cells, and macrophages in the mucosal tissue of the oviduct has been also shown in laying hens [13, 14] . Of these cells, there was a larger population of plasma cells in infertile hens [9] . The CD8+ T cells, namely killer/suppressors, may play a role in the regulation of those lymphocyte functions [1] . Thus, in the birds showing a lower fertility after repeated AI, homing of T cells, affecting the survivability of sperm, may be induced in the UVJ.
In conclusion, we suggest that CD4+ and CD8+ T cells are involved in the lymphocyte member that increased in the UVJ of birds showing declined fertility after repeated AI. These lymphocytes may home in on the UVJ, may affect the survivability of sperm in this tissue, and may affect fertility of the birds. 
